Many studies have shown that either the nearby astrophysical source or dark matter (DM) annihilation/decay is required to explain the origin of high energy cosmic ray (CR) e ± , which are measured by many experiments, such as PAMELA and AMS-02. Recently, the Dark Matter Particle Explorer (DAMPE) collaboration has reported its first result of the total CR e ± spectrum from 25 GeV to 4.6 TeV with high precision. In this work, we study the DM annihilation and pulsar interpretations of the DAMPE high energy e ± spectrum. In the DM scenario, the leptonic annihilation channels to τ + τ − , 4µ, 4τ , and mixed charged lepton final states can well fit the DAMPE result, while the µ + µ − channel has been excluded. In addition, we find that the mixed charged leptons channel would lead to a sharp drop at ∼ TeV. However, these DM explanations are almost excluded by the observations of gamma-ray and CMB, unless some complicated DM models are introduced. In the pulsar scenario, we analyze 21 nearby known pulsars and assume that one of them is the primary source of high energy CR e ± . Considering the constraint from the Fermi-LAT observation of the e ± anisotropy, we find that two pulsars are possible to explain the DAMPE data. Our results show that it is difficult to distinguish between the DM annihilation and single pulsar explanations of high energy e ± with the current DAMPE result.
Introduction
After the Cosmic Ray (CR) electron/positron excess above 10GeV was confirmed by PAMELA and AMS-02 with high precision [1, 2] , many studies on its origin have been proposed in the literature. Two kinds of interpretations, including dark matter (DM) annihilation/decay in the Galactic halo [3, 4, 5, 6, 7, 8, 9] and nearby astrophysical sources [10, 11, 12, 13, 14, 15] , are widely studied. Although the measurements of AMS-02 are unprecedentedly precise, those results are not yet sufficient to distinguish the two explanations [16] .
The DArk Matter Particle Explorer (DAMPE) satellite launched on Dec.17, 2015 is a multipurpose detector, which consists of a Plastic Scintillator strip Detector (PSD), a Silicon-Tungsten tracker-converter (STK), a BGO imaging calorimeter, and a Neutron Detector (NUD). Comparing to the AMS-02 experiment, DAMPE has a better energy resolution and could measure CR electrons and positrons at higher energies up to 10 TeV. Recently, the DAMPE collaboration reported its first result of the total CR e ± spectrum in the energy range from 25 GeV to 4.6 TeV [17] . Many studies have been performed to explain the tentative features in this spectrum [18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45] .
In this work, we explain the DAMPE e ± result in the DM annihilation and pulsar scenarios, and perform a fit to the DAMPE e ± spectrum and the AMS-02 positron fraction. The tentative feature at ∼ 1.4 TeV in the DAMPE spectrum is not considered in this analysis. Several leptonic DM annihilation channels to µ + µ − , τ + τ − , 4µ, 4τ , and mixed charged lepton final states e + e − + µ + µ − + τ + τ − (denoted by eµτ for simplicity) are considered. Although all these channels except for the µ + µ − channel could provide a good fit to the DAMPE data, they would be excluded by the observations of gamma-ray and CMB in ordinary DM models.
For the pulsar scenario, we investigate 21 nearby pulsars in the ATNF catalog [46] 1 and find out some candidates that can be the single source of the high energy e ± . Furthermore, since the nearby pulsars may lead to significant anisotropy in the e ± flux, we also adopt the anisotropy measurement of Fermi-LAT to explore the pulsar origin of high energy e ± , and find that some pulsars accounting for the DAMPE data could evade the current anisotropy constraint. Since the best-fit spectra resulted from some pulsars are very similar to those induced by DM annihilation, our results show that it is difficult to distinguish between these two explanations of high energy e ± with the current DAMPE result. This paper is organized as follows. In Section 2, we introduce the CR propagation model adopted in our analysis. In Section 3, we outline the injection spectra of e ± for the background, DM annihilation, and single nearby pulsar. In Section 4, we use the DAMPE data to investigate the DM annihilation and the single pulsar explanations for high energy e ± . Finally, the conclusion is given in Section 5.
2 CR e ± propagation in the Galaxy
Galactic supernova remnants (SNRs) are generally believed to be the main source of primary CR particles with energies below ∼ 10 17 eV. After leaving the source, CR particles travel along the trajectories which are tangled by the Galactic magnetic field, and thus diffusively propagate. Furthermore, they would also suffer from the so-called re-acceleration effect by scattering with the moving magnetic turbulence and gaining energy through the second order Fermi acceleration.
CRs propagate within a magnetic cylindrical diffusion halo with a characteristic radius of 20 kpc and a half height z h ∼ O(1) kpc. At the boundary of the propagation halo, CRs would freely escape. During the journey to the earth, CRs lose their energies by a variety of effects; the primary nucleons fragment through inelastic collisions with the interstellar medium (ISM) and create secondary CR particles. 3 4.03 ± 0.03
Involving the diffusion, re-acceleration, momentum loss and fragmentation effects, the transport equation can be described as [47, 48] ∂Ψ( r, p, t) ∂t
where Ψ( r, p, t) is the CR density per unit momentum interval at r, Q( r, p) is the source term including primary and spallation contributions, D xx is the spatial diffusion coefficient, D pp is the diffusion coefficient in momentum space, τ f is the time scale for the loss by fragmentation. We use the public code GALPROP [49, 50, 51] 4 to numerically solve this equation.
The spatial diffusion coefficient is described by
where β = υ/c is velocity of particle in unit of the speed of light, D 0 is a normalization constant, R = pc/ze is the rigidity, R 0 is the reference rigidity and η describes the velocity dependence of the diffusion coefficient. The re-acceleration effect can be described by the diffusion in the momentum space. The momentum diffusion coefficient D pp and spatial diffusion coefficient D xx are related by [52] 
where ω denotes the level of the interstellar turbulence. Absorbing ω to V A and referring V A characterizes the re-acceleration strength. In Ref. [53] we have systematically studied the typical propagation models and nuclei injection spectra using the latest Boron-to-Carbon ratio B/C data from AMS-02 and the proton fluxes from PAMELA and AMS-02. We find that the DR2 model including the re-acceleration and velocity depending diffusion effects gives the best fit to all the data. The posterior mean values and 68% confidence interval of the model parameters are given in table 1.
The local interstellar flux is given by Φ = Ψ(r ⊙ )c/4π. Before the local interstellar (LIS) CRs arrive at the earth, they suffer from the solar modulation effect within the heliosphere. We employ the force field approximation, which is described by a solar modulation potential φ, to deal with this effect. 
CR injection sources
The observed CR e ± consist of three components: the primary electrons produced by SNRs; the secondary electrons and positrons from primary nuclei spallation processes in the ISM; e ± pairs generated from exotic sources such as the DM or pulsar. The sum of the first two components is treated as the background. In this Section, we outline the injection CR e ± spectra for the backgrounds, DM annihilations, and single nearby pulsar.
The e
± background spectrum
Ordinary CR sources are expected to be located around the Galactic disk, following the SNR radial distribution given by [54] 
where r ⊙ = 8.3 kpc is distance between the sun and the Galactic center, z s = 0.2 kpc is the characteristic height of the Galactic disk. These sources are able to accelerate the high energy CR electrons through the first order Fermi shock acceleration, which would result in a power law spectrum. The previous studies have found that a three-piece broken is enough to describe the injection spectrum of electrons below ∼ TeV [16, 55] . The break at a few GeV is used to fit the low energy data, while the hardening around hundreds of GeV is introduced to account for the effect of possible nearby sources [56] or non-linear particle acceleration [57] .
Above TeV, the contribution to observed CR electrons would be dominated by several nearby SNRs due to the serious energy loss effect. The electron spectra from these SNRs may depend on their properties. The detailed discussions can be found in Ref. [19, 58] . In this work, we simply introduce an exponential cutoff ∼ TeV to describe the behaviour of high energy injection spectra from the nearby SNRs. Thus, the injection spectrum of the primary electron component follows the form
The source function Q( r, p) in Eq. 1 for SNRs is given by
The secondary e ± are produced by the spallation of primary particles (mainly protons and helium nuclei) in the ISM. The steady-state production rate of the secondary e ± at the position r is
where dσ ij (E ′ , E)/dE is the differential cross section for e ± with the kinetic energy of E from the interaction between the CR particle i with the energy of E ′ and ISM target j, and n j is the number density of the ISM target j.
e ± from DM annihilations
The Galaxy is embedded in a huge DM halo. If DM particles have some interactions with standard model particles, DM annihilations could produce CRs as an exotic source. The source term for DM annihilations is given by
where dN k e± /dE denotes the e ± energy spectrum from a single annihilation with final states k, B k is the corresponding branching fraction, ρ is the DM density, and συ is thermal averaged velocity-weighted annihilation cross section. In our analysis, we adopt the Navarro-Frenk-White (NFW) density profile [59] ρ
where r s = 20 kpc, and the local DM density is normalized to ρ ⊙ = 0.4 GeVcm −3 consistent with the dynamical constraints [60, 61, 62] . The initial energy spectra of DM annihilations are taken from PPPC 4 DM ID [63] which includes the electroweak corrections. We also use GALPROP to simulate the propagation of such emissions from DM annihilation.
e ± from the nearby pulsar
The pulsar is a rotating neutron star surrounded by the strong magnetic field. It can produce e ± pairs through the electromagnetic cascade and accelerate them by costing the spin-down energy. These high energy e ± pairs are injected into the pulsar wind nebula (PWN) and finally escape to the ISM. A burst-like spectrum of the electron and positron is adopted to describe the pulsar injection, and is usually assumed to be a power law with an exponential cutoff
where Q 0 is the normalization factor, α is the spectrum index, and E c is the cutoff energy. The total energy output is related to the spin-down energy W 0 by assuming that a fraction f of W 0 would be transferred to e ± pairs, so that ∞ 0.1GeV
W 0 can be derived from τ 0Ė (1 + t/τ 0 ) 2 , where t is the pulsar age and the typical pulsar decay time is taken to be t 0 = 10 4 kyr here [12, 64] . Due to the high energy loss rate, the energetic e ± could only propagates over a small distance of O(1) kpc [65, 66] . For the local sources, we adopt an analytic solution of the propagation equation. The re-acceleration effect is neglected for particles with energies above 10 GeV [67] . The Green function solution without boundary condition is given by [58, 68] 
where r is the distance to the pulsar, E s is the initial e ± energy from the source, and λ is the diffusion length defined as
The E s could be derived from the propagation time t and the final energy E by the relation of
where b(E) ≡ −dE/dt is the energy loss rate of e ± . We include the energy loss induced by the synchrotron radiation in the Galactic magnetic field and the inverse Compton scattering with the ambient photon field. The local interstellar radiation field (ISRF) is taken from M1 model in Ref. [68] and the magnetic field is assumed to be 4 µG. A detailed discussion on the relativistic energy loss rate is given in appendix A. As no simple analytic solution is available, we use GNU Scientific Library (GSL) 5 to numerically solve Eq.13.
Explanations of the DAMPE e ± spectrum
The DAMPE collaboration has reported the e ± spectrum with high resolution from 25GeV to 4.6TeV [17] . In this section, we fit the DAMPE data in the DM annihilation and single pulsar scenarios. The AMS-02 positron fraction [69] is also considered in the fit. Since we focus on the high energy e ± , the positron fraction data below 10 GeV are not adopted. There are 81 data points involved in the analysis.
The DM scenario
DM particles in the propagation halo may decay or annihilate to standard model particles and contribute to the finally observed CR leptons [70, 71, 72] . In this work, we discuss the DM annihilation channels to µ + µ − , τ + τ − , eµτ , 4µ, and 4τ . In the eµτ channel, we set the branch ratios of e + e − , µ + µ − and τ + τ − final states to be free parameters. With the propagation parameters and proton injections given in Table. 1, we vary the injection of primary electrons, DM parameters and solar modulation potential to obtain the bestfit though the Monte Carlo Markov Chain (MCMC) method. Note that we only consider the energy region above 10GeV, thus the low energy break around several GeV in the background electron spectrum is neglected. In addition, a rescale factor c e ± is introduced to indicate the uncertainty of the hadronic collisions. The degree of freedom (d.o.f.) in this fitting is thus 72. 6 We list the best-fit results in Table. 2 and show the spectra in Fig. 1 . With a large χ 2 valued 113.3, the µ + µ − channel is excluded with more than 3σ confidence, while all the other channels provide reasonable fits. This is because that the µ + µ − channel induces a harder e ± spectrum than all the other channels, and tends to produce too many positrons at high energies when explaining the positron fraction below 100GeV.
Note that the fit for annihilation channels with hard DM contributions is sensitive to the secondary positrons. In Ref. [18] , Yuan et al. performed a similar analysis but with a smaller diffusion coefficient power index δ = 1/3. Since this δ leads to a harder secondary positron spectrum, the µ + µ − channel work well in that analysis. [69] , while the bottom panels show the total e ± spectra in comparison with the DAMPE data [17] . The dashed, dotted-dashed and solid lines represent the backgrounds, DM contributions and total results, respectively.
In the fit for the eµτ channel, since the sharp shapes of the injection spectra from the µ ± and e ± final states are not favoured here, the τ ± final states are dominant with a branch ratio of 0.755, while he branch ratios of e ± and µ ± are 0.094 and 0.151 respectively . A recent work also analysed this channel but found that the branch ratio of τ ± is suppressed [26] . This different conclusion may be attributed by that their background secondary positron spectrum is much harder than ours. It is interesting to note that the contribution from the e ± final states would indicate a distinct drop in the spectrum at the DM mass, as shown in the bottom left panel of Fig. 1 . It is possible to check such spectral feature in the results of DAMPE or HERD in the future.
In Fig. 2 , we show the 68% and 95% confidence regions for the DM mass and thermally averaged annihilation cross section. Note that the DM implication for the CR e ± excess has been strongly constrained by many other observations, such as the cosmic microwave background (CMB) [73, 74, 75] , dwarf galaxy gamma-ray [76] , and diffuse gamma-ray observations [77] . We also show the corresponding constraints in Fig. 2 . To calculate the constraints from dwarf galaxies, we use PPPC 4 DM ID [78] to produce the DM gamma-ray spectra and adopt the likelihood results from the combined analysis given in [79] . The constraints from the CMB observations are taken from Ref. [18] , where the Planck 2015 results with an energy deposition efficiency f eff ranged from 0.15 to 0.7 [80] are adopted. The best-fit regions for many channels shown in Fig. 2 seem to be excluded. However, the tensions between these observations can be reconciled in the velocity-dependent annihilation scenario due to the fact that DM particles contributing to these observations have different typical relative velocities [81, 82] .
On the other hand, the constraints from the diffuse gamma-ray observation [77] cannot be easily avoided in the velocity-dependent annihilation scenario. However, the astrophysical uncertainties of this analysis arising from the Galactic CR model are not negligible. The solid constraints given by the Fermi-LAT collaboration without modeling of the astrophysical background cannot exclude the DM implication accounting for the CR e ± excess. When the contributions of the pion decay and inverse Compton scattering from Galactic CRs are considered, the constraints given by the Fermi-LAT collaboration become stringent and strongly disfavor the τ + τ − channel. However, these constraints depend on the CR distribution and prorogation models. In order to reduce the related uncertainties, more precise data and further studies on the CR model will be needed.
The single pulsar scenario
The nearby pulsars are possible sources of high energy CR positrons. We consider the cases in which a nearby mature pulsar is the primary source of high energy e ± . The 21 known pulsars within 1 kpc with characteristic ages in the range of 10 3 − 10 6 years are considered. Their properties, such as the distance, age and spin-down luminosity, are taken from the ATNF catalog [46] , which includes the most exhaustive and updated list of known pulsars.
In this section, we fit the DAMPE total e ± spectrum and the AMS-02 positron fraction using one of the 21 selected pulsars. Comparing with the Figure 2 : The 68% and 95% confidence regions of the DM mass and thermally averaged annihilation cross section for different annihilation channels. The corresponding limits derived from the Fermi-LAR gamma-ray observations of dwarf galaxies [79] are also shown. The dark green shade region represents the constraint from the CMB observations, with an energy deposition efficiency f eff ranged from 0.15 to 0.7 [80] .
DM scenario with two free parameters, there are three free parameters (f , α, E c ) in the pulsar scenario. Thus the d.o.f. is 71 in the fit. Then, we drop all the candidates which are not acceptable at 95.4% C.L., and list the best-fit result of the five left pulsars in Table. 3.
Note that there are uncertainties in the estimation for the spin-down energies of pulsars. Therefore, a transfer fraction f larger than 1 within a tolerance range may be allowed. Except for J0954-5430 with a very large transfer fraction is 7.58, we accept the other four pulsars listed in Table. 3. For these four acceptable pulsars, we show the best-fit spectra in Fig. 3 . We find that B1001-47, which is older than the others, would lead to a drop around 1.2TeV at the e ± spectrum, due to the energy loss effect. From Fig. 1 and Fig. 3 , it can be seen that the best-fit spectra resulted from some pulsars are very similar to those induced by DM annihilation. It is still difficult to distinguish between these two explanations of high energy e ± with the current DAMPE result. In order to take account the uncertainty from the injection spectrum of the pulsar, the 68% and 95% confidence regions for the power index α and cutoff energy E c are shown in Fig. 4 . The favoured values of injection parameters depend on the age and distance of the pulsar. For the far or young pulsars, such as J1732-3131 and J0940-5428, the injected low energy positrons are difficult to reach the Earth, therefore a large α is needed to result in enough positrons at low energies. In addition, the contributions from such pulsars would suffer a serious energy loss effect, thus they require a high energy cutoff E c to ensure enough high energy positrons. The local young astrophysical sources may induce the observable dipole anisotropy in the CR arrival direction [83, 84, 85, 86] . Therefore, the four pulsars considered above would be constrained by the currently anisotropy observations. Both Fermi and AMS-02 have not detected a significant anisotropy, and set upper limits on the CR electron-positron, positron and electron dipole anisotropies [87, 88, 89, 90] . For the AMS-02 experiment [90] , the 95% C.L limit on the integrated positron dipole anisotropy based on the first five years data is about 0.02 above 16 GeV. Recently, the Fermi collaboration has released the latest result of the dipole e ± anisotropy, using seven years data reconstructed by Pass 8 in the energy region from 42 GeV to 2 TeV [88] . The 95% C.L upper limit ranges from 3 × 10 −3 to 3 × 10 −2 .
For the single nearby source dominating the CR flux, the dipole anisotropy is given by [83] 
By using the flux in Eq. 11, we explicitly express the dipole anisotropy as Figure 5 : The e ± anisotropies for the pulsars. The 95% C.L. upper limits given by Fermi-LAT using the log-likelihood ratio and Bayesian methods [88] are also shown for comparison.
We estimate the positron anisotropy for the four pulsars, and find all of them would result in an integrated anisotropy obviously smaller than 0.02 at 16GeV, which evade the limit of AMS-02. In addition, we show the expected e ± anisotropy from each pulsar comparing with the measurement of Fermi-LAT in Fig. 4.2 . Note that the dipole anisotropy is proportional to the distance-to-age ratio r/t of the pulsar. We find that the anisotropy induced by J0940-5428 with a r/t ∼ 9 × 10 −3 kpc/kyr has a tension with the Fermi upper limit. For J1732-3131 with a larger age of 111 kyr and a smaller r/t ∼ 5.8 × 10 −3 kpc/kyr, there is a slight tension as the Fermi-LAT Bayesian limit excludes this source while the LLR limit does not. The other pulsars with a very small r/t ∼ 2.5 × 10 −3 kpc/kyr provides a very small anisotropy, which is far from the Fermi-LAT sensitivity. As a conclusion, B0656+14 and B1001-47 survive from all the limits considered.
Conclusion
In this paper, we study the DM annihilation and pulsar interpretations of high energy CR e ± observed by DAMPE. We investigate the e ± contributions from several DM annihilation channels and known nearby pulsars in the ATNF catalog, and find some allowed realizations.
For the DM scenario, we investigate the µ + µ − , τ + τ − , eµτ , 4µ, and 4τ annihilation channels. We find that all these channels except for the µ + µ − channel can explain the DAMPE data. In the eµτ mixing channel, the τ ± final states are dominant. However, the contribution from the e ± final states in this channel would lead to a distinct drop in the spectrum. Such spectral feature may be detected in the future measurements with larger statistics, such as DAMPE and HERD. The constraints from the diffuse γ ray, the γ ray of dwarf galaxy and the CMB observations are discussed. We find that many channels have been excluded and some complicated DM models are necessary to reconcile the tension between different observations.
For the pulsar scenario, we find five single pulsars that are acceptable at 94.5% C.L. . Among these pulsars, J0954-5430 requires a too large transfer efficiency which is unacceptable. We also investigate the e ± anisotropy from the single pulsar, and find that J1732-3131 and J0940-5428 are not favored by the Fermi-LAT observations. As a conclusion, B0656+14 and B1001-47 are possible to explain the current observations of DAMPE and AMS-02. Our results show that it is difficult to distinguish between the DM annihilation and single pulsar explanations of high energy e ± with the current DAMPE result. In the future, the combination of the e ± spectra and anisotropy measurements with large statistics like HERD may be useful to further discriminate the origins of high energy CR e ± .
For instance, we illustrate the Klein-Nishina effect for Geminga, which is a pulsar with a distance of 0.25 kpc, an age of 342 kyr, and a spin-down luminosity of 3.2 × 10 34 erg/s. The energy transfer efficiency f is taken as 30% and the injection spectrum energy cutoff is assumed to be 10 TeV. As can be seen in figure 6 , since Thomson approximation results in a higher energy loss rate, the spectrum cutoff is sharper than that derived from the Klein-Nishina effect especially for a hard injection spectrum. 
